To investigate the efficacy and toxicity of intensity-modulated radiotherapy (IMRT) combined with induction-adjuvant cisplatin and fluorouracil (PF) in locoregionally advanced nasopharyngeal carcinoma (NPC).
Introduction
Nasopharyngeal carcinoma (NPC) is a malignant tumor with unique patterns of epidemiologic and geographic distributions. [1] Due to its high radiosensitivity and anatomic constraints, radiotherapy (RT) is the main treatment modality for nonmetastatic NPC patients. Concurrent chemoradiotherapy (CCRT) with or without adjuvant chemotherapy has been deemed the standard treatment for locally advanced NPC, since the publication of Intergroup 0099 trial and several subsequent studies from endemic areas. [2] [3] [4] However, in the Intergroup 0099 trial, [2] 37% patients did not complete protocol CCRT due to high incidence of acute toxicity. All of these trials were based on 2-dimensional radiotherapy (2DRT). With the high-speed development of radiation technology, intensity-modulated radiotherapy (IMRT) has become the standard RT technique for NPC because of its superiority of dosimetry. To our knowledge, no published results of randomized trials are available to confirm the role of CCRT for locally advanced NPC in the IMRT era.
With the improved local and regional control, distant metastasis is the predominant failure pattern in locoregionally advanced NPC after IMRT. [5, 6] More potent systemic therapy needs to be investigated to control distant metastasis. Induction chemotherapy (IC) may reduce the risk of locoregional recurrence and eradicate micro-metastases. A randomized trial from Xu et al demonstrated that the induction-adjuvant modality using the cisplatin and fluorouracil (PF) regimen (5-FU plus cisplatin) produced similar outcomes compared with concurrent chemoradiation plus adjuvant chemotherapy. [7] In this study, we aimed to address the treatment outcomes and to evaluate the efficacy of induction-adjuvant chemotherapy using the PF regimen plus IMRT for advanced NPC patients.
Methods

Patients
Between June 2005 and December 2014, a total of 91 patients with histologically diagnosed non-metastatic NPC treated by definitive IMRT were enrolled in this study. Pretreatment evaluations consisted of a medical history and physical examination, blood chemistry tests, chest X-ray/computed tomography (CT), abdominal ultrasound/CT, enhanced magnetic resonance imaging (MRI) of the nasopharynx, and neck, nasopharyngoscopy and bone emission computed tomography (ECT). Other tests were performed for those with suspicious findings. Dental extraction, if deemed necessary, was performed before RT. All participants underwent disease staging according to the American Joint Committee on Cancer (AJCC) staging system. All patients provided informed written consent before treatment.
RT
Patients were immobilized in the supine position with thermoplastic masks. Intravenous contrast-enhanced CT planning scans were performed and contiguous slices 3 to 5 mm thick were obtained from the vertex to 2 cm below the clavicle. An 88-cm aperture CT was used for analog positioning, and the CT images were transferred to the treatment planning system through LAN.
Gross tumor volume (GTV) included the primary tumor and metastatic lymph nodes found in clinical and imaging examination. The clinical target volume (CTV) included the nasopharynx, retropharyngeal lymph node, skull base, anterior one-third of the clivus, pterygoid fossae, parapharyngeal space, inferior sphenoid sinus, posterior one-third of the nasal cavity and maxillary sinus, and drainage of the upper neck (levels II, III, and Va in N0 patients and levels IV-Vb in N1-N3 patients). For T3 and T4 patients, the whole clivus and sphenoid sinus were covered. Critical normal structures, including the brainstem, spinal cord, optic nerves, chiasm, lens, eyeballs, temporal lobes, and parotid glands, larynx were carefully delineated.
A total dose of 66-70.4 Gy/30-32 fractions was prescribed to the planning target volume (PTVg), defined as the GTV with a 0.5 cm margin. PTV60 (high-risk clinical target volume) covering the CTV and a 0.5 cm margin was prescribed 60 Gy/30 fractions. PTV54 (low-risk clinical target volume with 0.5 cm margin) was prescribed 54 Gy/30 fractions. All patients were treated with 1 fraction daily, for 5 days per week.
Chemotherapy
Patients received 2 cycles of IC: cisplatin 25 mg/m 2 days 1 to 3, and 5-Fu 2500 mg/m 2 as an intravenous infusion over 120 hours every 21 days. Four weeks after the completion of IMRT, adjuvant chemotherapy as the same regimen was administered every 3 weeks. Chemotherapy was postponed due to the disqualification of hematological index. Moreover, grade 4 hematological toxicity required a 20% dose reduction for the following cycle of chemotherapy. Complete blood count and liver and renal function were tested before each chemotherapy cycle.
Assessment and follow-up
Patients were evaluated weekly during radiation therapy. After treatment completion, follow-ups occurred every 3 months for the first 2 years, every 6 months from the third through the fifth year and annually thereafter. Each follow-up included medical history, physical examination, and nasopharyngoscopy. Enhanced MRI of the nasopharynx and neck areas was performed every 6 to 12 months after treatment. Chest X-ray/CT and ultrasonography of the abdomen were conducted once yearly. Additional tests were ordered whenever there was any clinical indication. Adverse events related to chemotherapy were graded by National Cancer Institute Common Toxicity Criteria (NCI-CTC) version 3.0. Acute and late RT-related toxicities were graded according to the Radiation Therapy Oncology Group (RTOG).
Statistics
The times to local/regional failure and distant metastases were calculated from the start of treatment to the dates of recurrence and metastases, respectively. Statistical analyses were performed using SPSS software, version 20 (SPSS Inc., Chicago, IL). The KaplanMeier method was used to calculate local control, regional control, distant metastasis-free (DMF) and overall survival (OS) rates. Differences in survival curves were calculated with log-rank tests. A 2-sided P <.05 was considered statistically significant.
Results
Patient characteristics
Between June 2005 and December 2012, 91 consecutive nonmetastatic NPC patients treated in our institution were enrolled in this study. All patients were histologically proven to have World Health Organization (WHO) type II/III NPC. The study included 61 male (67.0%) and 30 female (33.0%). The numbers of patients with stage II (lymph node measured 4 cm or more in diameter), stage III and stage IV (A-B) disease were 15 (16.5%), 37 (40.7%) and 39 (42.9%), respectively. Characteristics of all the patients were illustrated in Table 1 .
Treatment and compliance
All 91 patients underwent radical radiotherapy (IMRT). The median total dose of GTV was 66 Gy (range, 66-70.4 Gy). Duration of radiation was 45 days (range, 39-63 days). At the end of RT, MRI scans of nasopharynx and neck were conducted. Based on clinical and radiologic examinations, nasopharyngeal, and neck nodal residual diseases were determined at the discretion of the attending radiation oncologist. Boosts to cervical lymph nodes were 4.4Gy/2Fx (1 case) and 4Gy/2Fx (1 case) by using x-ray and electron beam. Boosts to retropharyngeal lymph nodes were 4.4Gy/2Fx (2 cases) by using x-ray. Four patients received boost doses at the primary site of nasopharynx by boost external irradiation of x-ray (4.4 Gy/ 2F: 3 cases, 6.6 Gy/3F: 1 case).
Eighty-seven patients (95.6%) completed 2 cycles of IC, and 4 patients only completed 1 cycle because of severe bone marrow suppression (1 patient), liver function damage (2 patients) and pneumonia (1 patient). Sixty-eight patients (74.7%) received adjuvant chemotherapy after IMRT. Twenty-3 patients did not 
Survival analysis
With the median follow-up of 45 months (range: 10 to 123 months), thirteen patients exhibited nasopharyngeal recurrence. Among these patients, 2, 5, and 6 had T2, T3, and T4 diseases, respectively. The 5-year local control rates for all patients were 84.1%, respectively. The 5-year local control rates for patients with Stage T1-2 and T3-4 was 94.6% and 76.5%, respectively (P = .045) (Fig. 1) . Eleven patients had regional recurrence from 8 to 39 months after IMRT. The 5-year regional control rates for all patients were 86.9%, respectively. Thirteen patients developed distant metastasis with N1 (3/38), N2 (6/31), or N3 (4/17) disease. Six patients developed distant metastasis in a single organ: 3 cases in bone, 1 case in liver, 2 cases in lung. Seven patients had multiple metastases (≥2 sites). The most common site for distant metastases was bone. The 5-year DMF rates for patients with N0-1 and N2-3 diseases were 90.6% and 73.3%, respectively (P = .072) (Fig. 2 ). All patients who had treatment failure are listed in Table 2 . At the last follow-up visit, a total of 16 patients died: 7 patients died of distant metastasis, 2 of distant metastases accompanied by recurrence in the regional lymph nodes, 2 of distant metastases accompanied by recurrence in nasopharynx, 2 of recurrence in nasopharynx and regional lymph nodes, 1 of recurrence in nasopharynx, 1 of recurrence in regional lymph nodes and 1 of non-neoplastic disease. The 5-year local control, regional control, DMF and OS rates were 84.1%, 86.9%, 81.3%, and 74.4%, respectively.
Toxicities
There were no treatment-related deaths. The acute toxicities were mainly grade 1/2 hematologic toxicities in patients treated with PF, but severe toxicities were uncommon. During the RT phase, mucositis, and weight loss were the most common acute treatment toxicities in our study. Among all the patients, 4 (4.4%), 65 (71.4%), 21 (23.1%), and 1 (1.1%) had grade 1, 2, 3, and 4 mucositis, respectively. Fifty-three patients needed intravenous nutritional support for mucosal reaction, and the median duration was 6 days (range: 2-21days). None of these patients required tubefeeding support. A total of 86 patients suffered weight loss, while the median weight loss was 9.1% in all patients. Table 3 shows the late toxicities in all patients. Overall, most late injuries were assessed as grades 0 to 1. There were 39 patients (42.9%) and 11 patients (12.1%) developing grade 1 and 2 xerostomia, respectively. Grade 2 and 3 hearing loss occurred in 5 patients (5.5%) and 1 patient (1.1%), respectively. Only 1 patient had cranial nerve palsy, and the possibility of recurrent disease was excluded by a series of MRI scans and physical examination. No cases of radiation-induced dysphagia and temporal necrosis were observed.
Discussion
NPC is a highly chemosensitive malignancy. Combining chemotherapy with RT is 1 of the crucial evolutions in the treatment of locoregionally advanced NPC. The current standard of care in locoregionally advanced NPC is CCRT. However, CCRT increased the occurrence of severe acute toxicity. Moreover, adjuvant chemotherapy after CCRT is poorly tolerated. In the IMRT era, the results from several large clinical reports revealed that CCRT did not improve survival rates in locoregionally advanced NPC treated with IMRT. [5, 6, 8] With the application of this modern RT technique, the value of CCRT improving locoregional control might be not so notable. Hence, CCRT with or without adjuvant chemotherapy may not always be the only option for locoregionally advanced NPC. To explore other optional chemotherapy sequences would be a reasonable attempt.
IC before RT is a valid treatment strategy for the eradication of micro-metastasis and improving clinical outcomes in locoregionally advanced NPC. A phase II trial by Hui et al demonstrated that compared with concurrent cisplatin-radiotherapy (CRT) alone, IC followed by CRT improved the 3-year OS rates significantly (hazard ratio (HR) = 0.24; 95% CI, 0.078-0.73; P = 0.012). [9] Additionally, the results of 2 meta-analyses indicated IC followed by CCRT was associated with reduced distant failure as compared with CCRT alone. [10, 11] Recently, Cao and his colleagues reported the clinical outcomes of a phase III multicenter randomized controlled trial. In this trial, 476 patients were randomly assigned into IC with PF chemotherapy followed by CCRT (n = 238) or CCRT alone (n = 238). The addition of IC to CCRT achieved a 7.9% improvement in the 3-year disease-free survival (DFS) rate compared with the control arm (82.0% vs 74.1%, P = .028). [12] For the past decades, the value of adjuvant chemotherapy has been one of the highlights of research in locoregionally advanced NPC. Adjuvant chemotherapy plays an important role in reducing the subsequent occurrence of distant metastases. The combined analyses of NPC-9901 and NPC-9902 trials demonstrated that additional adjuvant chemotherapy with a fluorouracil-containing regimen contributed to the improvement of distant control. [13] However, the poor compliance of adjuvant chemotherapy after CCRT was always the major obstacle of limiting its broader application. Du et al reported that induction-adjuvant chemotherapy using cisplatin, fluorouracil, plus docetaxel (TPF) obtained encouraging outcomes with good compliance and welltolerated toxicities in locoregionally advanced NPC. Fifty-seven patients (95%) received 2 courses of adjuvant chemotherapy. The 2-year estimated locoregional failure-free survival, distant failure-free survival, progression-free survival, and OS were 96.6%, 93.3%, 89.9%, and 98.3%, respectively. [14] Recently, some prospective clinical trials indicated that taxanes-based chemotherapy combined with IMRT could provide superior outcomes. [15, 16] Nevertheless, there were certain risks for patients with diabetes, gastric ulcer due to patients received premedication Table 3 The late toxicities. Treatment failure patterns of all patients.
Failure pattern No. (%)
Local recurrence 5 (18.5%) Regional recurrence 2 (7.4%) Distant metastasis 10 (37.0%) Local + regional recurrence 7 (25.9%) Local recurrence + distant metastasis 1 (3.7%) Regional recurrence + distant metastasis 2 (7.4%) Local + regional recurrence and distant metastasis 0 (0) Total 27 (100%)
with oral dexamethasone before docetaxel, and alopecia caused mainly by docetaxel adds the psychological stress of patients. The PF regimen has been generally considered as the standard of care for the induction/adjuvant chemotherapy and widely used in patients with locoregionally advanced NPC for years. In our study, patients received induction-adjuvant chemotherapy with PF regimen plus IMRT. Sixty-eight patients (74.7%) received adjuvant chemotherapy after IMRT. With the median follow-up of 45 months, we achieved excellent local control and satisfactory OS ( Table 4 ). The 5-year local control, regional control, DMF, and OS rates were 84.1%, 86.9%, 81.3%, and 74.4%, respectively. To best of our knowledge, CCRT increased the grade and incidence of acute and late toxicities, including severe mucositis, weight loss, and hearing impairment. [19] [20] [21] Mucositis and weight loss were most common acute toxicities during CCRT, which were associated with poorer tolerance and unfavorable efficacy of treatment. [22] A study from Sun Yat-sen University Cancer Center reviewed 322 NPC patients to explore the potential influence factors of weight loss during RT. The results showed that the acute radiation toxicities in skin (P = .001), mucosal (P <.001), pharynx, and esophagus (P <.001), and upper gastrointestinal tract (P = .003) were associated with weight loss (%) during RT. In addition, the vicious circle of acute radiation toxicities and weight loss resulted in poor prognosis in NPC patients. [23] Zheng et al investigated the late toxicities of 208 NPC patients who achieved long-term (more than 5 years) survival after IMRT. With the multifactorial analysis, the occurrences of xerostomia and hearing loss were related to chemotherapy. A recent published meta-analysis by Du et al evaluated the incidence and risk of severe late toxicity with CCRT in NPC patients. The results showed that the use of concurrent chemotherapy was associated with an increased risk of severe late toxicities, with a relative risk (RR) of 1.349 (95% CI, 1.108-1.643; P = .005). Especially, CCRT significantly increased the risk of ear deafness/otitis compared with RT (RR = 1.567; 95% CI, 1.192-2.052). [24] In the present study, acute toxicities during IMRT were mild and well tolerated, leading to excellent compliance with adjuvant chemotherapy. Moreover, a few severe late toxicities were observed. Only 1 patient had grade 3 hearing loss and 1 patient exhibited cranial nerve palsy.
Distant metastasis has outnumbered the locoregional recurrence and become the main treatment failure in NPC patients treating with IMRT. Tumor-nodal-metastasis (TNM) system for NPC is critical in predicting prognosis and facilitating treatment planning. Thus, N categories have been reported to be one of the most important predictors for distant control. [25, 26] Zhang et al retrospectively analyzed a cohort of 449 patients with biopsyproven NPC treated with RT or chemoradiotherapy. The results showed the 3-year DMFS decreased with increasingly higher N category (N0 96%, N1 93.2%, N2 81.1%, and N3 71.7%, P <.001). However, advanced N-classification (N2-3 vs N0-1) was also associated with an increased risk of distant metastasis (HR = 2.570; 95% CI, 1.422-4.579; P = .001). [27] The similar results were observed in the current cohort. Compared with N0-1 patients, N2-3 patients were revealed to have a trend to develop distant metastasis (5-year DMF rates: 73.3% vs 90.6%, P = .072). Novel systemic therapy for cases that are at high risk for metastases needs further investigation. Several limitations in our study should be considered. First, the study population was relatively small; although the PF regimen has been widely used in patients with locoregionally advanced NPC for years, inductionadjuvant PF chemotherapy combined with IMRT for locoregionally advanced NPC is uncommon. Second, this is a retrospective study with the lack of a control group. Third, the data were obtained exclusively from a single institution. Therefore, well-designed phase 3, multicenter, randomized controlled trials are needed for further investigation.
Conclusions
In summary, IMRT with sequential induction-adjuvant PF chemotherapy provides satisfactory local-regional control with well tolerance and acceptable toxicities in patients with locoregionally advanced NPC. The main cause of treatment failure was distant metastasis. New therapies concerning distant metastasis need further investigation. Table 4 List of several studies reporting use of PF combining with for nasopharyngeal carcinoma. AC = adjuvant chemotherapy, CCRT = concurrent chemoradiotherapy, IC = induction chemotherapy, IMRT = intensity-modulated radiotherapy, LCR = local control rate, LPFR = local progression-free rate, LRFS = local recurrence-free survival, N = indicates total number of patients, n = number of patients with stage III or IV disease, OS = overall survival, PF: cisplatin and fluorouracil, RT = radiotherapy. *
Patients with stage IIB to IVB disease also received chemotherapy.
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